® 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 253 221 

A3 



© EUROPEAN PATENT APPLICATION 

© Application number: 87109638.6 © Int. CI* B32B 5/20 , B32B 31/04 

© Date of filing: 02.07.87 



© Priority: 09.07.86 US 



© Date of publication of application: 
20.01 .88 Bulletin 88/03 

© designated Contracting States: 

AT BE CH OE ES FR QB IT U LU NL SE 

© Date of deferred publication of the search report: 
14.12.88 Bulletin 88/50 



© Applicant THE CELOTEX CORPORATION 
1500 North Dale Mabry Highway 
Tampa Florida 33807(US) 

© Inventor: Qluck, David G. 

6314 Bahama Shores Drive South 
St Petersburg Florida 33702(US) 
Inventor Laughlln, Wayne E. 
6208 8th Avenue South 
Qulfport Florida 33707(US) 

® Representalive: Schmftz, Waldemar, 
Dtpl.-Phys. 
Lesalngstrasse 10 
D-6200 Wtesbaden(DE) 



© 



Insulation board faced with polymer-fibrous sheet composite. 



© A thermally insulating structural laminate com- 
prising a core of rigid plastic foam having two major 
surfaces, at least one of the major surfaces of the 
foam being attached to a facer comprising a fibrous 
sheet having at least one layer of an air-and 
moisture-impervious polymer disposed on the inner 
surface thereof and interposed between the fibrous 
sheet and the foam, the oxygen transmission of the 
polymer being a value of less than about 1 cc/100 
in2-24 hrs-atm sufficient to make the facer substan- 
tially impervious to air and water vapor. 
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least one layer of an air-and nidstoreHmperZ """P"** 3 fibrous sneet ha ™9 at 
between the fibrous sheet and the ^Te o J^nT, ^ °? inner surface thereof and interposed 
about 1 cc/100 i n2 . 24 hrs-atm *" ^ ^ 8 Va,UB ° f "~ 

° 106 mcer substantially impervious to air and water vapor. 
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FOAM INSULATION BOARD FACED WITH POLYMER-FIBROUS SHEET COMPOSfTE 



This invention relates to laminates and foam filled sheet products, both decorative and structural, and 
more particularly it relates to structurally rigid, optionally glass fiber reinforced sheets of foam, which are 
particularly useful in thermal insulating applications It also relates to a method for forming such a product. 

Laminated rigid foam panels are widely used in the building and construction industry as sound and 
5 thermal insulating materials and as non-load bearing structural members. These laminated articles having a 
core of rigid foam can be made continuously or batchwise in a mold. The process of continuous lamination 
usually involves deposition of a foam-forming plastics mixture onto a facing sheet(s) and bringing a second 
sheet(s) into contact with the mixture before it sets and sometimes before it foams. 

Conveniently, both for economy and ease of handling, the facing sheets are often made of relatively 
70 inexpensive flexible materials, such as paper and aluminum foil, which can be fed from rolls. A disadvan- 
tage associated with the use of aluminum foil alone as a facer stems from its fragility, which can result, e.g., 
in foil breakage during foamboard manufacture. While improved facer toughness can be achieved through 
the use of fibrous facers, such as conventional medium or heavy kraft papers or glass mats, these facers 
are no match for aluminum foil at providing a barrier against gas penetration. The porosity of fibrous facers 
rs allows excessive exposure of the foam material to air with the consequent opportunity for air infiltration into 
the foam. As is well known in the industry, the thermal conductivity (K-factor) of insulating boards containing 
fluorocarbon gas is substantially increased where some means is not provided to prevent such air infiltration 
into the cells of the foam insulation. It would be highly desirable if a foam insulation board could be 
produced with facers which combine the advantages of a fibrous sheet, e.g., a sheet of paper or glass 
20 fibers, and aluminum foil without the disadvantages associated with the use of these facers in the past 

The present invention concerns the production of a foam insulation board having facers which are 
tough, lightweight and highly impermeable. 

The present invention also is directed to an improved method for the continuous production in a simple 
and economical manner of a foam insulation board having facers which are tough, lightweight and highly air 
25 and moisture impermeable. 

The present invention also concerns the production of a structural laminate by contacting a foap- 
forming mixture with a facing sheet formed of a layer of air and moisture impermeable polymeric matenal 
attached to a fibrous material, and thereafter foaming the foam-forming mixture. 

Further, the present invention is concerned with the production of an insulation board having a high 
ao insulation value and superior fire resistant properties, which would qualify for model building code approvals 
and approval by the Factory Mutual Research Corporation and Underwriters Laboratories, independent risk 
certification firms. 

The present invention also relates to a paper and/or glass fiber faced rigid foam plastic insulation board 
which has especially tough and impact-resistant major surfaces, and exhibits overall good properties, 
35 including low friability, and good dimensional stability and thermal resistance, and is particularly useful in 
the building industry. 

The method of the present invention utilizes a laminate facing sheet of fibrous material having a thin 
layer of a substantially air-and moisture-impermeable polymer (barrier polymer) in the production of a faced 
foam structural laminate. The oxygen transmission and water vapor transmission rate of the barrier polymer 

40 must be low enough to reduce substantially air and water vapor penetration through the fibrous sheet to 
below the penetration there would be with the polymer omitted. The fibers of the fibrous sheet of the 
invention may be virtually any fibrous material, either natural or synthetic. For example, the fibers may be 
asbestos, metal, cotton, hair, glass, or the filament forming synthetic organic polymers such as nylon, 
polyesters, rayon, cellulosics, or other known synthetic filamentary materials. The fibrous facer may be 

45 comprised of two or more fibrous materials or sheets, such as a composite of a paper and glass fiber sheet. 
The facing sheet advantageously comprises a glass mat or kraft paper coated on one side with a latex 
emulsion of polyvinylidene chloride copolymers and optionally coated on the other side with a protective 
coating which may contain a flame retardant The protection coating may be any material conventionally 
used to protect paper facers, such as plastic films, e.g.. of plasticized PVC, acrylic polymers, etc. The 

so insulation board is suitably manufactured by bringing at least one polymeric film-fibrous facing sheet of the 
invention into contact with a foam-forming mixture so that the barrier polymeric film of the facing sheet 
contacts the mixture, and thereafter foaming the foamforming mixture. The process is advantageously 
performed on a continuous foam production line. 
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JTliT? ? PartiCularly relates ,0 a therma "y insu, ««ng s^rtural laminate comprising a core of rigid 
Ptesftc foam having two major surfaces, at least one of the major surfaces of the foam beiSg attached to a 

1 S> T 8t l8aSt 006 layW °' « "~« ^oisture^mZoTpoiymer 

disposed on the mner surface thereof and interposed between the fibrous sheet and the foam the oJaen 

ETIZir polymer a V8lue 01 1885 *" 81101,1 1 00/100 ini24 hre - atm « ^Zthe 

facer substantially impervious to air and water vapor. 

s tr„r^LlZ rtit T further . particu,ar, y reteh * to a process for continuously producing a thermally insulating 

atlJS on™ ,T C ° mPnS ^ 3 ri9id PlaSBC foam eom havi "9 *° ma i° r surfaces and a "HQ Material oS 
at least one of the maior surfaces, the method comprising: 

'0 (a) conveying a lower facing material along a production line; 

(b) applying a foam-forming mixture to the lower facing material; 
f a «nn miSlf " y ^f^" 9 "? upper faci "9 ma tenal over the applied foam-forming mixture, at least one 
D^vmeTd^'" 9 8 °^ ^ haVi " 9 31 ' eaSt ° ne ' ayer ° f 8 sub *antially air-ancl moisture-impervious 

; S Suaht iSo »nt° r«, SU r aCe f 18 ^ *• fibr ° US Sheet ^ Positioned so » at the Polymeric layer is 
js brought into contact with the foam-forming mixture; and 

(d) foaming and thermally curing the foam-forming mixture. 
facCmrteTar 9 ^ ^ n0nadhererrt t0 *» foam may 09 used in P'«e of the upper 

The finished foamboard of the invention has at least one barrier Dorvmer-fibrous farinn chc ^ «* *~ 

°T ? ^ Conjunction witn * e 'amirmted fibrous facers of the inventJon.Tor example^ 
earner substrate or tower facer on the production line can be a rigid or flexible material. suchTp^rirte 

T^ZZtZ Sh86t 8uch 88 ■»•* » -**«". asphalt-saturated fT.TE 

» Se mtL^i k 9 Sheet ' etC " " Wl6 ** or u PP« r on the line is genera^ • 

S thTJT ^ V be *" ^P^t-^^d felt, an asphalt fiber glass sheet, a fiber glass sheet * 
metal sheet (e.g.. aluminum foil facer), kraft paper, etc ^ 

trave^'Zfo^r^ "tE", b * deP ° Sit8d ° n *» '° wer from a "«* d -which 

rsTe^^iSS ^ ^ ° f *• ,aC9r - 1,16 mbrture 8180 ca " -e laid down by 

30 CO m^ de r Sifi ° n °* ^ f0amabte mbrture and Pf* 0 " 81 application of the upper facer, the reeuISM 
ThT^T advances into an expansion zone wherein the foam-forming mixture expands to the cureHT 

JELSTnT^ **" 06 ri8e " SUCh 48 disc,osed in U ' S - latent No. 4.028.158 Z£ fc 

STS H rT 8 '!! ! COntr °" ed bY 8 98P "•** iS preferably P""*" b * th * S of two ^ 
^ Otoer^rJZ ^ r0t8t,n9 r0 " S ^ 35 a means ^ m ^rtng the amount of the foamable rriW 
m98nS " f 8 - 9 - *• comWna « on ° f 8 **or ^de and a fixed plate, also «Tbe 
TeS^twIn » P 8,80 T * reS,ra^^8C, • 81,0,1 38 where 1,16 foamabte ™terial and facer^are 

the^o^etT ^ WhiCh preferab,y are P° sitioned a Part a distance less th^ 
STJJSSJ. °" ° f ,0am 80(1 ,8Cer<S) W0UW othBWi8e OTdinari, y « allowed to fZ 

40 influrn^f 9 ^ 8 ^ 0 "!: *" ,0amab,e mixture/fa »r(s) composite is advantageously subjected to the 
Sl^i^T afT^ addSd by 1,16 CirCU,atl0n ° f hot air a" 11 cured to 8 Sid foam stnSe E tS 
fo^ ^ h ^ ^ foam ° r S,ab has ^ ma i° r - re| aevely flat parallel tuitac^te iS 
Th^rZ ^ ' 8 J; i en Peri ° diCa,,y Sevefed int0 fin,te le "9 ths - ^ 'arming discreTpaTels 

.a face^to advanta9e0l «| y be at the curing temperature 9 so as to erThanoe the 

tZZl ^ - < ?™ a ° f 0,8 com P° site in *e expansion zone results in softening of the 

^c£ r S£^^,* m 81 ^ faCBr/f0am interfaCe 8nd promotes —*n of the fa£ to toe 
LTH' foam Ca " be carried out * temperatures of from about 150- F (66- C) or 

T% • C Mo lut SJJ" F 0 ';^ »*- 0Ut - a temparatu - of from'aLt 200- 



so 



55 



faJh^T h «' 9 y deS ' rab,e Way ° f 8nhancin9 ,he fibrous facer/f oam bond is by utilizing in the 
foamboard production a laminated paper or other fibrous material whose barrier polymer layer centals 

aSol Ich^ ° f , a P0lymeric fih " ^1 known to those skilled in the art. U. S. Parent tt, 

disclosed in to £ST" H*?™ ^ ^ bUt ** P&P8r ,aCi " 9 8ha ^ 

invention gas-barner protection required in the practice of the present 
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It has been found that a continuous and sealed barrier impervious to air and moisture between adjoining 
fibrous facer and foam core is achieved by means of the layer or film of impervious polymeric material 
disposed between the fibrous material and foam. Suitable application methods include coating or lamination 
of a calendered film to the fibrous material. The thickness of the polymeric film may vary widely, as, e.g., 
from about 0.3 mil (0.0076 mm) to 5 mils (0.13 mm), preferably about 0.5 mil (0.013 mm) to 2 mils (0.05 
mm). The impervious polymer is located so as to contact and connect the adjoining major surfaces of the 
fibrous facer and foam core, thereby forming a continuous and sealed barrier therebetween. Consequently, 
passage or transmission of air and moisture into the interior structure of the insulating foam material with 
the attendant aforementioned undesirable results is prevented. 

The vapor barrier is conveniently applied on the fibrous sheet by one or more coatings of a barrier 
polymer(s) in latex form in a total amount of about 5 (8.1) to 20 (32.5), preferably about 8 (13) to 15 (24.4), 
lbs./3000 ft. 2 (g/m 2 ) of barrier polymer solids. The use of heavier weights of coatings or of a calendered film 
of barrier polymers may be required in the case of certain porous fibrous sheets. The barrier coatings of the 
invention may be formulated with or without pigments and other ingredients customarily employed in vapor 
barrier paints. The amounts of such ingredients must be chosen so as not to interfere with the barrier 
properties. Layers of various other materials, such as of other polymeric films, e.g., polyethylene, adhesives 
(preferably flame retardant types), aluminum foil, etc.. may be used in combination with the barrier polymer 
iayer(s). 

Any air and water vapor impervious or substantially impervious polymeric material capable of forming a 
vapor-tight seal between adjoining fibrous facer and foam surfaces can be utilized for formation of the 
barrier in accordance with this invention. The air and water vapor impervious, or substantially impervious 
polymers suitable for the present invention must have an oxygen transmission (cc/100 in 2 (m 2 )-24 hrs-atm 
@ 73-F [23« C] and 75% RH. ASTM D-1434), which is less than about 1 (153). and preferably no greater 
than about 0.3 (4.65), for reduced penetration of air and water vapor through the composite facer. Examples 
of such barrier polymers are nitrite resins and halogenated vinyl resins, such as polyvinyl chloride and 
vinylidene chloride copolymers. Halogenated vinyl resins are especially useful because of the fire retar- 
dance provided by their halogen content Excellent gas-and moisture-barrier properties result from use of 
vinylidene chloride copolymers for the polymer layer of the fibrous facers. These copolymers comprSe 
vinylidene chloride and at least one comonomer selected from unsaturated monomers copolymerizable 
therewith. As the monomer copolymerizable with vinylidene chloride, vinyl chloride, acrylonitrile. acryife 
ester, acrylic acid. etc. can be mentioned. Polymer coalings based on copolymers of vinylidene 
chloride/acrylonitrile (known as "Saran") are highly suitable. 

In a preferred embodiment of the invention, the fibrous sheets employed in facing the foamboards of 
the invention are comprised of any suitable paper, such as, for example, a medium or heavy kraft paper. 
Foam laminates of this invention can be produced using sheet stock ranging from 20 Ibs73000 ft 2 (32 5 
g/m 2 ) paper to 200 lbsJ3000 ft. 2 (325.5 g/m 2 ) cardboard. Especially useful are 30-150 (483-244), more 
preferably 50 to 150. lbs/3000 ft 2 (81.4 to 244 g/m 2 ) kraft papers. The kraft papers may be based on either 
bleached or natural furnish and may have either MG or MF finishes. Also, the papers may be fire retardant. 
i.e., formed from furnish containing a fire retardant such as alumina trihydrate or antimony trioxide, or non- 
fire retardant. However, fire retardance is desirably conferred on non-fire retardant papers in known manner 
by application to them of conventional flame retardant chemicals, such as those agents which contain 
phosphorus and/or halogen atoms. Examples of flame retardants include decabromo diphenyl oxide, 
chlorinated wax emulsions, ammonium phosphate and diammonium phosphate. Other inorganic flame 
retardants which may be used include agents such as antimony oxides, arsenic oxide, ammonium sulfate, 
and aluminum oxide hydrate. 

It should, of course, be understood that both fire retardant and non-fire retardant paper facers of any 
weight, furnish or finish can be used in the practice of the present invention provided the composite 
facer/film forming polymer coating is sufficiently impermeable to air passage through it. The oxygen 
transmission of the composite laminate facer of the invention preferably is less than about 1 (15.5), more 
preferably less than about 0.3 (4.65). and most preferably less than about 0.1 cc/100 in 2 ^ hrs-atm (1.55 
cc/m 2 ^ hrs-atm). The primary objective of the invention is the establishment of the gas barrier, and 
secondarily the provision of fire retardance and adjustment of other paper qualities can be suitably handled 
to prepare the faced insulation boards of the invention for the specific requirements of the intended 
application. 

The total thickness of the foam insulation board may be from about 0.25 to 6.0 inches (6.35 to 152.4 
mm), of which the thickness of the coated paper facer is typically from about .003 in. to .025 in. (.08 mm to 
.64 mm), and preferably from about .004 in. to .014 in. (.10 mm to .36 mm). 
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sans S-SrrP 25 ^"A-ii 

£**^Z?I?T^ T WCa *"' °' ls »"«»"ie™i/ accompli*^ 

facnr/fruim h nB w n.i_ Jt • 7 Darr| er created, but its main function is as an adhesion promoter of the 

Saran £ £er atCoe^ ^Smpe^J^^nfl^ ? ^""V softening of the 

interface. temperatures with slight extrus.on ,rrto the cellular surface at the facer/ foam 

^9 nTu^ fr ° m « ■ THe foe*, 

material constituting the taS^cS. IS 7 * ""'l™** * * *•*"'" 

polyisocyanurates 1 phenol* ZyZrs ^11? ^ Po1 ^^- 
laminates, and encompass many Eie oil »1T !" lam ' nateS ' P^cularly structural 
polyviny. chloride. ^^Z^ZTjnT^TS^T * ^ inC,Ude 

t». i ' ° ther ,oamab,e resin compositions may be used 

art. i^nT^ ^ b ' 0Win9 ^ known to ««• — - «• 

ed and *3SK=tS^ SEtTS^"^ ^ P ~~ « 

is weS™ inteTintLT 32 ""^ ^ * ad * d t0 foamab, ° » as 

-Cy^~ 

a 9 entsin~ ~ - *™ as wetfng 

known to those MtoTnZZ^esJTozTJZZ* ^ ^ * USin9 

PC socyanate wi* . p^,. caSys^ ^^-1^=^^ S C. 

1:0.9^ S?Sr^ and poLsocyanate on an essen«al,y 

polyisocyanate with a minor amount of C?„.^ ^ 2 ° mVent,0n are prepared b V reac «"9 the 
hydroxy, ^-J^^S^rt- - ~" 0,0 to 0. 71 

pre^tnTr^rS r^r^r^ ^.^-yanate can be emp.oyed in the 
aromatic, aliphatic and LI \™LZT™\ ° r0an,C W^Y™*** which can be used include 

types are the iSi2^^^!S^/ K, C ° mbin3,i0nS Representative of these 

diisocyanate. mixtures fof TLZZ 2 6 t nh«n e h X dnsocyanate, toluene-2. 4<liisocyanate. toluene-2.6- 
1. «3Lq^S^2£l£S 4'Ji ir^^r h Cyan h ate H' hexameth y , ^.6-diisocya n ate, tetramethylene- 
LWiisocy^nate dS£Z^!5S^ hexahydrotoluene 2.4-and S.Wiisocyanate, naphthalene- 
biphenyldLcyanate ?^5S^ JS!^ ^P^^^socyanate. 3.3'.dimeth OXy ^4'- 
y ate, d.3-d.methyl-4. 4-biphenyldi.socyanate; and 3.3'-dimethyldiphenylmethane4 4'- 
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diisocyanate; the triisocyanates such as 4,4*.4*-triphenylmethanetr»socyanate, polymethylenepolyphenyl 
isocyanate, toluene-2.4,6-triisocyanate; and the tetraisocyanates such as 4,4'-dimethyldiphenylmethane- 
•2^ , ,5,5'-tetraisocyanate. Especially useful are polymethylene polyphenyl polyisocyanates. These 
isocyanates are prepared by conventional methods known in the art such as the phosgenation of the 
corresponding organic amine. 

The polymethylene polyphenylisocyanates desirably have a functionality of at least 2.1 and preferably 
2.5 to 3.8. These preferred polymethylene polyphenylisocyanates generally have an equivalent weight 
between 120 and 180 and preferably have an equivalent weight between 130 and 145. The friability of 
foams made with these polyisocyanates is desirably less than 30%, preferably less than 20%. 

A preferred subclass of polymethylene polyphenylisocyanates especially useful in the present invention 
is a mixture of those of the following formula: 




wherein n is an integer from 0 to 8 and wherein the mixture has the above-described functionality and 
equivalent weight. This mixture should have a viscosity between 100 and 4,000 and preferably 250 to 2500 
centipoises measured at 25 s C. in order to be practical for use in the present invention. 

Examples of suitable polymethylene polyphenylisocyanates useful in the present invention include 
those of the above formula, wherein n is 1 as well as mixtures wherein n can have any value from 0 to 8 as 
long as the mixture has the specified equivalent weight One such mixture has 40 weight percent ol n = 0. 
22 weight percent of n * 1,12 weight percent of n = 2. and 26 weight percent of n » 3 to about 8. Trie 
preferred polymethylene polyphenyl isocyanates are described in British Patent Specification No. 1,433,641. 
The synthesis of polymethylene polyphenylisocyanates is described in Seeger et al.. U. S. Pat. No. 
2,683,730 and in Powers U.S. Pat No. 3,526.652 at column 3, lines 6-21. It should, therefore, be understood 
that the polymethylene polyphenylisocyanates available on the market under the tradenames of CODE 047 
or PAPI-20 (Upjohn) and MR 200 (Mobay) can successfully be employed within the spint and scope of the 
present invention. 

The polyols which can be employed include, for example, monomeric polyols. such as ethylene glycol 
1 ^-propanediol. 1.3-propanediol, 1,4-butanediol, Methylene glycol, dipropylene glycol, dimethyloi 
dicyclopentadiene, 1 ,3-cyclohexanediol, 1 ,4-cyclohexanediol, the oxyalkylene adducts ol polyol bases 
wherein the oxyalkylene portion is derived from a monomeric unit such as ethylene oxide, propylene oxide, 
butylene oxide and mixtures thereof. The polyol initiators include ethylene glycol. 1 .2-propylene glycol. 1.3- 
propylene glycol, 1.2-butanediol, 1,4-butanediol, hexanetriol, glycerol, trimethylolpropane. tnethylolpropane, 
pentaerythritol, sorbitol, sucrose, toluene diamine and bisphenol A. polyethers such as polyethylene ether 
glycols, polypropylene ether glycols, polytetram ethylene ether glycols, and alkylene ox.de adducts of 
polyhydnc alcohols including those listed above; hydroxy terminated tertiary amines ol the formula 



HE 



.EH 



N-R-N 



HE 



EH 



wherein R is an alkylene radical containing at least 2 to 6 carbon atoms and E is a polyoxyalkylene chain- 
amine based polyethers of the formula: 



8 



0 253 221 



HE^ 
HE 



20 



25 



30 



35 



40 



45 



SO 



55 



» Phosphoric acid and ethylene IS^LjS^.!^ addUCtS Prepared by the reaction <* 

oxide, phosphonic acid Ld ethylene S ohos^lt T'h? ^ phosphorus aci °" — propyiene 
propylene oxide and pfK^^^S^I^S Uty,6ne ^ P °' yphosph ° ric «* ^ 

PoVoxypropyiene giycol. polyoxybuty.ene 
rs polyoxyethylene glycols. poly^C^tvlenl 2 J °' COmbinations ° f POlyoxypropytone and 

polyoxyethylene glycols rand^ ^ y0Xyethy,ene and poly-1.4-oxybutylene and 

or more a^ne^ » sequential addition of two 

well as the POlyoxypropylene addue* n t Ik!!/ 7 ■ tnmethylolpropane ' 9"ycerine and hexanetriol as 
employed. Thus i^S^l^jL^J^ SUCh 88 P^^ol and sorbitol may be 
polymers which ^ Z^^l^^TJ'] !* P ~ ant '"^ inc,ude 
ratio from about 1:2.8 toTf^Tm Z^T^I^l 8 " 0xy « en cart ™ atom 

terminal hydroxy! groups. The oolvemTrXf,!^ \ temi 9W. preferably about 2 to 4 

to 10.000 and pi^^irS^^^l^ 8 ^? ^ *" """^ 6quivatent "■■*» from about 80 
VProp.ene glyco* having 'SLSSZg. S lo^T" * ^ ™ **- 
weights from about 100 to 2000 and mixtures thnr«n° ^ ,^ corresponding to equivalent 

blends such as a mixture of Parbculariy useful as polyol reactante. Poiyo. 

POlyols or monomenc polyols can ToT^oye^ "** "* **" 

maionic acid, succinic acid. J2!^^^j?t J 0 ***^ acids may be oxalic acid, 

basi.lic acid, thapsic acid. ^T^t^J^,^^'^!^ — * «*•• aoid. 
phthalic acid. Suitable polyhydric aicohoTs^nd^' S ^ * i8ophtt1a,ic 8cid - terephthalic acid, and 
Pro P y.ene g.yco,. 1.3^ y Vn e ^^^^^2^^,^ diBlhylenB *«* 
pentanediol. 1 ,4-pentanediol 1 sSSJdfr, T *T 9 V ?' 1 ' 3 ' but y |ene °»ycol, 1.4-butytone glycrt, 1,3- 
trimethy,o.ethane hexanV 1 iiErtm^SSr'** 1 • 4 ^ X8nedio1 - S*** trimethytolpnVpa^ 
derived from phenote such SS^SSS EST*!?* J 0 *"* SUCr0S6 ' and ~ mpou ™* 
aromatic Stepanpol po«yo,s of tr/s^nT^^^ «* » the 

weigtC^^r; o7r^due 9 S by I 8 ™ 8 0lyc °' * -«ecu.ar 

have been removed fro J T! *^iZSLTS^-2^ tereph ™*« -nd methyl p-toluate 
said residue comprising a mixturT^ ?T Te ** m pr0dUCt "» »"■** portion «* 
acids. This residue is described in U S^^Tm™ r T ™ d Wphenyl *•* w °a*o^c 
can be reacted with the residue ™ 'e*7£^ 

preferred. Examples of transesterifi^ Sues wK« ht^T* ° yC01, b ™° more 

above": ^^^TKSS" *2 !*=5=SL^ to -« •* *. residue defined 

mixture can vary broadly but suitaWy fZ j££? ^ *" fra "sesterified polyol 

said polyol mixture. * " 8 ™ 9e * from *«* 5 to about 30 percent by weight of 

■>J37^e. A prefmed po W M <l8scrtbe<1 S. Patent No. 
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Another preferred aromatic polyester polyol which can be employed is prepared by the trans- 
esterification. with a glycol of molecular weight from about 60 to 400, of a by-product fraction from the 
manufacture of dimethyl terephthalate, the major portion of said fraction comprising about 15 to 70 weight 
percent of dimethyl terephtha late, and about 85 to 30 weight percent of a mixture of monomethyl 
terephthalate, bi-ring esters and polymeric materials. An expecially useful polyol mixture can be prepared 
by transesterifying a by-product fraction from the manufacture of dimethyl terephthalate comprising a 
mixture of 

(a) about 40 to 60 percent by weight of dimethyl terephthalate, 

(b) about 1 to 10 percent by weight of monomethyl terephthalate, 

(c) about 1 to 2 percent by weight of terephthalic acid, 

(d) about 10 to 25 percent by weight of bi-ring esters, 

(e) about 5 to 12 percent by weight of organic acid salts, 

(f) about 18 to 25 percent by weight of polymeric materials, and 

(g) about 1 to 4 percent by weight of ash. 

An excess of the transesterifying glycol is advantageously used to react with the by-product fraction. 
Two preferred glycols for transesterifying the by-product fraction are ethylene glycol and diethylene glycol, 
with the latter being more preferred. An example of a transesterified by-product fraction of the invention is 
the product supplied by Jim Walter Resources, Inc. under the trade designation Foamol 250. 

The properties of the polyol mixture produced by transesterifying the by-product fraction defined above 
are described in U.S. Patent No. 4,411.949. A preferred polyol mixture is characterized by a viscosity in cps 
at 25*C of about 700 to about 2500. a free diethylene glycol content of from about 10 to about 30 percent 
by weight of said mixture, a hydroxyl number within a range of from about 350 to about 468, and an acid 
number of about 2 to about 10. 

Another preferred polyol component comprises a blend of (a) about 5 percent to about 95 percent by 
weight of an aromatic polyester polyol having a molecular weight of from about 150 to about 5.000, such as 
one of the above aromatic polyester polyols or mixtures of these polyols, and (b) about 5 percent to about 
95 percent by weight of an alkylene oxide adduct of an aromatic amine of the formula 



R 
I 

(CH 2 CH-0^-H 
R 

(CH 2 CH-0^r-H 

wherein Z is a divalent aromatic radical, x. x\ y. and y' each independently have an average value from 
about 1 to about 5, and each R is independently selected from the group consisting of hydrogen, alkyl or 
aryl, provided that the adduct is capped with ethylene oxide units. A preferred alkoxylated aromatic amine 
of the blend is an ethylene oxide adduct of toluene diamine isomers of the formula 

(CHjC^O-^H 

(ch 2 ch 2 o-^tH 



wherein the average number of oxyethylene units per polyoxyethylene chain is from 2 to 3. An example of a 
suitable, commercially available aromatjc-amino polyether polyol of the blend is the product sold by BASF 
Wyandotte Corporation under the trademark Pluracol® Polyol 735. The blend is described in U.S. Patent 
No. 4,496,625, issued January 29, 1985. 

In addition to the above hydroxy-containing compounds, other compounds which may be employed 
include graft polyols. These polyols are prepared by the in situ polymerization product of a vinyl monomer 
in a reactive polyol medium and in the presence of a free radical initiator. The reaction is generally carried 
out at a temperature ranging from about 40° C. to 150-C. 



R 

H-fO-CHCH 2 ) x 
R 

H-(-0-(kcH 2 )£f 



~n-z-: 




H-^OCH 2 CH 2 ) 
H , ( OCH 2 CH 2 
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Other polyols or mixtures of polyols can be employed in the production of the polyisocyanurate foam 
core of the invention. For example, other desirable polyols for use in the present invention are those 
described in U.S. Patent No. 4,212.917. and in U.S. application Serial No. 372,904, filed April 29, 1982. 
Suitable catalysts for the foam preparations include the well know trimerizatJon and urethane catalysts 
s Examples of trimerization catalysts are 1.3.5-tris (N.N-dialkylaminoalkyl)-s-hexahydrotriazines; the alkylene 
oxide and water adducts of 1.3,5^ris(N.N-dialkylaminoalkyl)-s.hexahydrotria2ines; 2.4,6-tris- 
(dimethylaminomethyl)-phenol: o-. p-or a mixture of o-and p-dimethylaminomethylphenol and 
triethylenediamine or the alkylene oxide and water adducts thereof, alkali metal carboxylates, alkali metal 
alkoxides. and organic boron-containing compounds. The urethane catalysts include the metal or or- 
io ganometaJlic salts of carboxylic acid and tertiary amines. Representative of such compounds are: dibutyltin 
dilaurate, dibutyltin diacetate. stannous octoate. lead octoate. cobalt naphthenate. and other metal or 
organometallic salts of carboxylic acids in which the metal is bismuth, titanium, iron, antimony, uranium 
cadmium, aluminum, mercury, zinc, or nickel as well as other organometallic compounds such as are 
disclosed in U.S. Pat. No. 2.846.408. Tertiary amines such as triethylenediamine. triethylamine, diethyl- 
75 cyclohexylamme. dimethylethanolamine, methylmorpholine, trimethylpiperazine, N-ethylmorpholine and 
diethylethanolamine may also be employed as well as mixtures of any of the above. The catalysts generally 
compnse from 0.1 to 20 and preferably from 0.3 to 10 weight percent of the total composition. 

In the preparation of the polyisocyanurate rigid foams, the preferred catalysts give cream times of 15 to 
30 seconds and firm times of 25 to 80 seconds. One preferred type of catalyst is a mixture of a tertiary 
ammo phenol, such as 2.4,6-tris(dimethylaminomethyl) phenol, and an alkali metal carboxylate. such as 
potassium2-ethylhexoate, the synthesis and use of which are described in U.S. Patent No. 4.169.921 The 
equivalent ratio of tertiary amino phenol to alkali metal carboxylate in the cocatalyst composition is 
desirably about .3:1 to 2.5:1. 

Any blowing agent typically employed in similar prior art foams can be employed in the foam 
compositions of the present invention. In general, these blowing agents are liquids having a boiling point 
between minus 50«C. and plus 100'C. and preferably between O'C. and 50'C. The preferred liquids are 
hydrocarbons or halohydrocarbons. Examples of suitable blowing agents include, among others, chlorinated 
and fluonnated hydrocarbons such as trichlorofluoromethane, CCfeFCCIF* CCbFCFj. diethylether isoproftrl 
ether, n-pentane, cyclopentane. and 2-methytbutane. Trichlorofluoromethane is a preferred blowing agent 

The foams also can be produced using the frothfoaming method disclosed in U. S. Patent m, 
4.57aa85. in this method, the frothing agent can be any material which is inert to the reactive ingredients 
and is easily vaporized at atmospheric pressure. The frothing agent advantageously has an atmodpherte 
boiling point of -50' to 10- c, and includes dichlorodifluoromethane, monochlorodifluoromeBiBne 
tnfluoromethane, monochlorotrifluoromethane. monochloropentafluoroethane, vinyffluoride. vinylideneW 
as onde, 1.1-difluoroethane, 1,1.1-trichlorodifluoroethane, and the like. Particularly preferred is dic£ 
lorodifluoromethane. A higher boiling blowing agent is desirably used in conjunction with the frothing agent 
The blowing agent is a gaseous material at the reaction temperature and advantageously has an 
atmospheric boiling point ranging from about 10 to 80» C. Suitable blowing agents include trich- 
oromonofluoromethane. 1,1,2-Wchtoro-1,2,2-trifluoroethane, acetone, pentane, and the like, preferably tried- 
« ioromonofluoromethane. 

The foaming agents, e.g.. trichlorofluoromethane blowing agent or combined trichlorofluoromethane 
blowing agent and dichlorodifluoromethane frothing agent, are employed in an amount sufficient to give the 
resultant foam the desired bulk densfty which is generally between 0.5 and 10. and preferably between 1 
and 5 pounds per cubic foot The foaming agents generally comprise from 1 to 30, and preferably comprise 
« from 5 to 20 weight percent of the composition. When a foaming agent has a boiling point at or below 
ambient, it is maintained under pressure until mixed with the other components. Alternatively, it can be 
maintained at subambient temperatures until mixed with the other components. 

Any suitable surfactant can be employed in the foams of this invention. Successful results have been 
obtained with silcone/ethylene oxide/propylene oxide copolymers as surfactants. Examples of surfactants 
so useful in the present invention include, among others, polydimethylsiloxane-polyoxyalkylene block 
copolymers available from the Union Carbide Corporation under the trade names "L-5420" and "L-5340" 
and from the Dow Coming Corporation under the trade name "DC-193". Other suitable surfactants are 
those desenbed in U. S. Patents Nos. 4.385.024 and 4.529.745 and supplied by Jim Water Resources Inc 
under the trademarks FOAMSTAB 100 and 200. Generally, the surfactant comprises from about 0.05 to 10 
55 and preferably from 0.1 to 6, weight percent of the foam-forming composition. 

Other additives may also be included in the foam formulations. Included are flame retardants, such as 
tns (2-chloroethyl)-phosphate. dispersing agents, plasticizers, fillers and pigments 
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The advantages of the present invention will become more apparent by reference to the following 
detailed description and drawings wherein: 

FIG. 1 is a schematic elevation of an apparatus suitable for practicing the process of the invention in 
a free-rise mode; 

FIQ. 2 is a schematic elevation of a portion of the apparatus of FIG. 1 showing a glass fiber mat 
being fed to the nip roll for reinforcement of the structural laminate; and 

FIG. 3 is a schematic elevation of an apparatus suitable for practicing the process of the invention in 
a restrained-rise mode. 

Referring now to the drawings, and in particular to FIG. 1, there is shown schematically an apparatus 10 
suitable for use in connection with the present invention. The apparatus 10 comprises tanks 11, 12 and 13 
for containing the foaming ingredients and additives such as blowing agent (e.g., fluorcarbon), surfactant, 
etc., each respectively connected to outlet lines 14, 15. and 16. The lines 14, 15 and 16 form the inlet to 
metering pumps 17, 18, and 19. The pumps 17, 18, and 19 discharge respectively through lines 20, 21, and 
22 which are in turn respectively connected to flexible lines 23, 24, and 25. The flexible lines 23, 24, and 25 
discharge to mixing head 29. The apparatus 10 is also provided with a roll 30 of a barrier polymer-coated 
kraft paper 31 of the invention comprising an upper layer of a substantially air-and moisture-impermeable 
polymer 42 adhered to a lower kraft paper facing sheet 43, and a roll 30' of another barrier polymer-coated 
kraft paper 31' having polymeric layer 42* adhered to paper facing sheet 43'. The apparatus 10 is also 
provided with metering rolls 32 and 33 and an oven 35 provided with vents 36 and 36' for introducing and 
circulating hot air. The apparatus 10 is also provided with pull rolls 38 and 39 each of which preferably has 
a flexible outer sheath 40 and 41. The apparatus 10 is also provided with cutting means 44 for severing the 
structural laminate produced by this process into finite lengths thereby producing discrete panels. 

In operation, the tanks are charged with the foamforming mixture in whatever manner is convenient and 
preferred for the specific polymer. For instance, for a urethane foam, the polyol can be in one tank, the 
polyisocyanate in another and catalyst in a third. Other polymers such as polyvinyl chlonde can be used as 
a dispersion in ptastJcizers and a blowing agent introduced. Or polyvinyl chloride can be extruded as can 
polystyrene, cellulose acetate and the polyolefins among others. Rubber and urea-formaldehyde can be 
frothed and admixed with the appropriate blowing agent and surfactant. The speeds of the pumps 17, 18, 
and 19 are adjusted to give the desired ratios of the ingredients in the tanks 11, 12. and 13. These 
ingredients pass respectively through Ones 20, 21, and 22 as well as lines 23, 24. and 25 whereupon thtfy 
are mixed in the mixing head 29 to form the liquid foam-forming mixture 45 which contacts the polymer 
layer 42 of the kraft paper 31 fed from the roll 30 toward the nip 34 between the two rotating metering roifa 
32 and 33. 

By virtue of rotation of the pull rolls 38 and 39, the lower polymer-coated kraft paper 31 is pulled from 
the roll 30, and the upper polymer-coated kraft paper 3V is pulled from the roll 30. The two kraft papers 
having the foam-forming mixture 45 therebetween pass through the nip 34 of the two rotating metering rolls 
32 and 33. The mixing head 29 is caused to move back and forth, normal to the running length of the kraft 
paper by virtue of a reciprocating means 49. In this manner, an even amount of foam-torming mixture 45 
can be maintained upstream from the nip 34 and in contact with the polymer layer 42 of kraft paper 31. The 
velocities of the upper and tower coated kraft papers are substantially equal as they pass between the nip 
34 of the two rolls. 

After passing between the nip of the two rolls 32 and 33, the composite structure 48 having lower and 
upper paper facers now passes into oven 35 and while in the oven 35 the foam-forming mixture expands in 
an expansion zone 37. This expansion is initiated by heat generated in an exothermic reaction between the 
components 26, 27, and 28 of the foam-forming mixture 45 and is regulated by heat added to the oven 35 
by the hot air from vents 36 and 36'. The temperature within the oven 35 is controlled by varying the 
temperature of the hot air from vents 36 and 36' in order to insure that the oven temperature is maintained 
within the desired limits necessary to cure the foam and to soften the barrier polymers for improved 
adhesion at the foam/paper interface, as, e.g., from 100'F to 350"F (37.8* C to 177- C) and preferably 
150°F to 250'F (66° C to 121 ■ C). 

The expanding foam 51 , under continuing influence of the heat added to the oven 35 by the controlled 
introduction of hot air from vents 36 and 36', cures to form the structural laminate 52 of this invention. The 
structural laminate 52 then leaves the oven 35, passes between the pull rolls 38 and 39. and is cut by 
cutting means 44 into finite lengths thereby forming discrete panels 53 and 53' of the structural laminate 52. 

Referring now to FIG. 2, the apparatus and process are the same as shown in FIG. 1 but here a 
reinforcing web or scrim 60 is being pulled from the roll 61 and fed into the apparatus by virtue of rotation 
of the pull rolls 38 and 39. as described in U. S. Patent No. 4,438,166. The scrim can be made from threads 
or yams of any material which is non-flammable and dimensionally stable, particularly yarns which are 
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stable to temperature changes. Fiberglass fibers are generally preferred for most applications. An example 
of a suitable reinforcing web 60 is the type of glass mat used in producing the composite article of U. S. 
Pat. No. 4,438,166, i.e., a mat of long, generally straight glass fibers. Advantageously, the glass fibers are 
arranged in layers and the direction of the glass fibers in each layer is at an angle to the direction of the 
glass fiber in each next adjacent layer. 

An apparatus by which stretching of the fiber mat 60 is accomplished is shown in FIG. 2. As shown in 
FIG. 2, the mat 60 passes first between the nip 70 of a first pair of rolls 71, 72 and then through the nip 74 
of a second pair of rolls 75, 76. The axes of the rolls 71, 72, 75, 76 are perpendicular to the running length 
of the mat 60. The nips 70, 74 of each pair of rolls 71, 72 and 75, 76 engage the mat 60. The peripheral 
speed of the second pair of rolls, namely, rolls 75, 76, is greater than the peripheral speed of the first pair 
of rolls, namely, the rolls 71, 72. The difference in peripheral speed is adjusted such that stretching of the 
mat 60 is accomplished in the running or machine direction. This direction is parallel to the running length 
of the mat 60. An alternative to the arrangement of the two pairs of rolls is to provide the roll 61 with a 
brake which slows the advance of the mat 60 from the roll 61 as the mat 60 is pulled therefrom. Another 
and more desirable alternative for stretching of the fiber mat is to pass it through intermeshing corrugated 
rolls which effect a transverse stretching. 

A restrained rise production line for manufacturing structural laminates in accordance with the invention 
is schematically shown in FIG. 3. The restrained rise process can be accomplished generally in the same 
manner and with the same material and apparatus as the abovedescribed free rise system, with certain 
exceptions. Specifically, the restrained rise process employs conveyor belts to restrain the expanding foam 
and may or may not employ the metering rolls used in the free rise method. In the embodiment shown in 
FIG. 3. metering rolls are used. Upper polymer-coated kraft paper 31'. and the applied foam-forming mixture 
45 on the lower polymercoated kraft paper 31 move into oven 35. Lower and upper endless conveyor belts 
54 and 55 are positioned in oven 35 to contain the expanding foam therebetween. Lower coated paper 31 
and upper coated paper 31' are drawn along the opposed surfaces of conveyors 54 and 55. respectively. 
Both endless conveyors 54 and 55 can comprise a series of articulated platens, such as described in U. 8. 
Patent No. 4,043,719. The platens are supported on and run over rollers. 

The distance between the horizontal planes of the facing portions of conveyors 54 and 55 can be preset 
to determine the thickness of the final board. This distance is suitably less than the combined thickness of 
facers 31 and 3V and the foam which would otherwise result if the mixture 45 were allowed to fdfcn 
unrestrictedly. As the foaming mixture further expands upwardly, it comes into contact with coated paper 
31*. forcing the paper facer against conveyor 55 and causing the facer to assume a substantially ptafj&r 
disposition on the upper correspondingly planar surface of foam 51. The foam becomes securely 
interlocked with the kraft paper facing sheets on its major surfaces. Curing of the foam in oven 35 and 
subsequent processing are accomplished in the manner hereinbefore described. 

Rigid isocyanurate foam boardstock faced with the laminated paper sheets of the invention possess a 
combination of desirable properties. The new paper facers make the board surfaces particularly tough and 
impact resistant, and consequently the lightweight insulation boards are characterized by good hand- 
leabilfty. Furthermore, these foam boards exhibit both excellent insulation properties as well as good fire 
resistant properties, which qualify for model building code approvals and approval by the Factory Mutual 
Research Corporation and Underwriters Laboratories. For example, paper faced polyisocyanurate foam 
insulation boards of the invention have received Class I and Class II flame spread ratings from Underwriters 
Laboratories. In addition, the boards have good dimensional stability and undergo minimal shrinkage and 
warping at low temperature. 

The present invention is further illustrated by the following example in which ail parts and percentages 
are by weight unless otherwise indicated. 



EXAMPLE 

This example illustrates the continuous production of paper faced foam insulation boards of the 
invention by reference to FIGS. 1 and 2 of the drawings. 

The following isocyanurate formulation was used in preparing the foam core of the insulation boards. 
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Item Ingredient 
A Polymethylene polyphenyl 



Parts 



220 



isocyanate 
B Trichloromonofluoromethane 
C Organosilicone surfactant 
D Aromatic polyester polyol 
E 2,4, 6-tris ( dimethyl aminomethyl ) 



49 



80 



2 



77 



phenol 

F Potassium-2-ethylhexoate 
G Diethylene glycol 



4 



4 



62 



62 



Item A has an equivalent weight of 138 and a viscosity of 1700-2500 centipoises at 25" C. and is 
available from the Mobay Chemical Company. Pittsburgh. Pa. under the trade name MONDUR MR-200. 

Item C is that supplied by the Union Carbide Corporation under the trade designation Y-10222. 

Item O is that supplied by Jim Walter Resources. Inc. under the trade name Foamol 250. 

Items E and F are employed in the form of a solution in the diethylene glycol (Kern G). 

For each insulation foam board, items A. B and C of the above formulation were mixed with each other 
and placed in tank 11. Item 0 was placed in tank 12 and the catalytic composition comprising a solution of 
items E and F in item G was placed in tank 13. Table I below shows for the production of each of boards A 
to H the composition of the top and bottom facers utilized. 

In the continuous production of each of insulation boards A to H. the rolls 38 and 39 were started to pull 
the respective top and bottom facers toward the nip 34 between the two rotating metering rolls 32 and 33. 
The pumps were operated to deliver the contents of tanks 11, 12 and 13 to the mixing head 28. me 
contents of tank 11 were maintained at 60 *F. (15.6° C), whereas the contents of tanks 12 and 13 were .at 
60° - 90° F. (15.6* C-322' C). The reciprocating mixing head 29 deposited the foam-forming mixture oh 
polymeric layer 42 of the lower facer in the case of all boards except for board G, in whose production a 
thin and expansible mat 60 of glass fibers arranged in layers was fed above the bottom facer, as shown in 
FIG. 2 and described in U. S. Pat. No. 4.438,166. Immediately downstream of the laydown point of the 
foam-forming mixture, in the direction of conveyor travel, upper facer 31' was brought into contact with the 
foamabie mixture-coated surface of the bottom facing material. As illustrated in FIG. 1, this was suitably 
effected by passing upper facer 31' around metering roll 32 and through nip 34. At metering rolls 32 and 33 
the upper and lower facers were brought together in surface-to-surface opposition relative to each other, 
with the foamabie mixture sandwiched in between. The composite facers and foamabie mixture then passed 
through the nip 34 of the two rotating rolls into oven 35. In the oven, which was maintained at a temperature 
of 225° F. (106.8" C), the foam-forming mixture expanded in the expansion zone 37 to a substantially 
uniform thickness. In the case of foam board G, the layers of fibers of mat 60 expanded with the foam. After 
leaving the oven, the product was cut into discrete pane|s. Various properties of each of the resulting faced 
foam insulation boards A to H are reported in Table II below. The results of Table II reveal that the 
laminates of the invention possess a combination of desirable properties, including a slow K-factor drift 
value. The higher drift value encountered in the case of foam board C is attributable to the nohattainment of 
an adequate barrier film. 



J2 



0 253 221 



T8 



« 



20 



25 



35 



<*0 



45 



50 



55 





- m 






w 


C 0) 


S3 


* p 


•H M 








* O 


a 


O (0 




U b 


C «-H 




fl) OS iH 


H >i 


u o 


CQ 0) h 


p 




3 


§2 


o 


rH 

hi 4S 



X 
0 
P 
* 



>i 

U 

u 













h m 


c 


i-i »h 


-H M 




P 4) 


X X 


a o 


4) O 


o ns 


P P 


U fab 


ia a 










1° 


§§ 


M 


a <a 




CO VI 




m 

«o 

• •o 
rH a) 
r- "O 
— M 

IB 

• P 

J3 a) 
i— ( as 



m 

p x 

S3 

o « 

P u 
•a ai-H 
ccs-h 

M at & 

lit 



§ s 

■OP 

D«U' 
flOS-H 
4» rH 
Htl>i 



en 
P 

a 

M 

— » C 
^ V 

h5 

CO u 

— o 
z 

J3 T3 
rH ft) 

o u 
ld id 
v 



IB 

* c 

• M 

rH 0) 

u 

• o 

JQ 2 

rH 

■o 
o <u 
in .C 

0) 



0) 
JS 

o 

IOH 

0 P 

rH <M 

« a 
M 

01 - 
ao C 

• u 
ao <u 

^P 

M 

• o 

J3 2 



o 



P 
« 
O 

u 
.c 

(Q 

X 

o 
a 
u 



•'if 

M S 
OOH 
O • < 
O O 

■ — o 

O fH 



w 



13 



0 253 221 



m 



rs 



T3 

1 

-H 
P 

§ 



9 

GQ 



w 
c 

i 



§ 

D 
55 

I 



•H M 

P V 

(0 o 

o « 

U fa 

« o 
p 

3 
O 



C 

•H 

+J W 
(0 4) 

o u 
y * 
fa 

n. 



h 

4) 
O 
« 
fa 

e 

o 
p 
p 
o 

03 



P 

a 

o 
u 

J3 

n 
o 

& 





u 


1 


V 

o 




fa 


M 




01 




a 


§ 


a 




fa 





§ 
p 
p 

0 u 
« v 

o 

C fa 
(0 

a. 
o 
H 



2 i 



I 



E 

3 

C 4) 
\H +J 
H S fl 

•h s a 

3 41-H 
C P.M 
■HAH 

s a< 

3 »-< 
r-t P-H 
«<W O 

« fa 

M 



■SI i 

c 

ONE 
ON 3 
OOH 
• • < 

o o 



CM 

s 

C 

0 



P 

o 
o 
o 
<n 

\ 



4) 
(0 
(0 
V 

n 

& 

4) 

10 
P 

o> 

•H 
4) 
» 

1-1 
4) 

& 
fa 
* 



14 



0 253 221 



TABLE I Continued 

5 

Footnotes: 

1. Thilmany paper supplied by Thilmany Pulp & Paper Co. and coated by American Packaging Corp. 

2. Fitchburg paper containing antimony trioxide supplied by Frtchburg Paper Co. and coated by 
Printpack Inc. 

io 3. Mosinee paper supplied by Mosinee Paper Corp. and coated by Printpack Inc. 

4. Saran Latex 112 base coat coverage of 8 lb./3000 ft 2 (13 g/m*) and Saran Latex 159 top coat 
coverage of 2-3 lb./3000 ft. 2 (3.25-4.90 g/m*). 

5. The flame retardant and acrylic latex are blended in a weight ratio of 10:1 and applied at a 
coverage of 5 lbJ3000 ft. 2 (8.1 g/m*). The flame retardant is supplied by White Chemical Corp. under the 

»5 trade name Caliban F/R P-44. and the acrylic latex is supplied by Rohm and Haas Co. under the trade 
name Rhoplex TR-407. 

8. The acrylic latex, which is supplied by Rohm and Haas Co.. is applied at a coveraoe of 2-3 
lb-/3000 ft.2 (3.25-4.90 g/m*). 

7. The flame retardant and acrylic latex are blended in a weight ratio of 5:1 and applied at a coverage 
ao of 5 lbv30O0 ft* (8.1 g/m 2 ). The flame retardant is supplied by WHco Chemical Co. under the trade name 
Fyrarrestor 330. and the acrylic latex is supplied by Rohm and Haas Co. under the trade name Rhoplex TR- 
407. 
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Claims 

5 

1. A thermally insulating structural laminate comprising a core of rigid plastic foam having two major 
surfaces, at least one of the major surfaces of the foam being attached to a facer comprising a fibrous sheet 
having at least one layer of an air-and moisture-impervious polymer disposed on the inner surface thereof 
and interposed between the fibrous sheet and the foam, the oxygen transmission of the polymer being a 
Ind water^jDoT ^ m2 ~ 24 SUfficient to make the facer sub stantially impervious to air 

n- 2 "J he StruCtural laminate ° f claim 1. characterized in that the fibrous sheet is a paper sheet, a glass 
fiber sheet or composites thereof, the fibrous sheet preferably being a paper sheet, and. optionally, one of 
the major surfaces of the rigid plastic foam is attached to a facer which is a metal sheet, perlite board 
^"r^ fiberboardl «Phalt-saturated felt, fiber glass sheet, and asphalt fiber glass sheet 

3. The structural laminate of claim 1, characterized in that the core of rigid plastic loam has two major 
surfaces and a facer on each of the major surfaces, each facer being the same or a different fibrous sheet 
^ IIT^- 8 9lass fiber sheet or wpoaiM hereof, and preferably a paper sheet, and each 

I** . " 9 * ' eaSt 0ne ,ayer of 80 air_and moisture-impervious polymer disposed on the inner 
;^!"r !" d inter P° sed between *» fibrous sheet and the foam, the surface of the polymeric layer 
in contact wrth the foam preferably containing carboxyl groups for improved adhesion of the fibrous sheet to 
we foam, the air-and moisture-impervious polymer of each fibrous sheet preferably being a vinylidene 
^TT"' thB ° Xy9en transmission 01 *• Polymer being a value of less than about 1 cc/100 
P^ 6 ^ man 0-3 oc/100 in* 24 hrs-atm. sufficient ,o make the facer 

substanhally impervious to air and water vapor, and. optionally, the rigid plastic foam is reinforced by glass 

4. The structural laminate of any one of the preceding claims, characterized in thai the rigid plastic 
i h 3 p0,y V re,hane - PO'yisocyanurate, phenolic, rubber, polyvinyl chloride, urea-aldehyde, melamir* 
aldehyde, polystyrene, polypropylene, polyethylene, cellulose acetate, epoxy. acrylonitrile-butadiene-styrene 
"SZnlfT? 6 foa Tl! he f0am *° ,etab » belnQ - * PO^hane or polyisocyanurate foam and tie 
ES^S^/T P , re,erab,y bei "9 me P"*"* *>» a POlymethylene polyphenylisocyanate. an 
aromatic polyester polyol. a fluorocarbon blowing agent and a trimerization catalyst. 

5 The structural laminate of any one of the preceding claims, characterized in that the outer surface of 
ZlJSFZfT i 8 protBcfiwe CDatin 9 a fame retardant. the fibrous sheet 

KSS?fS'Si^? W °J 9hln9 50 t0 150 ,b5 - /300 ° ^ (814 t0 244 9 /mZ » antJ coa,ed •» 5 to 20 
16873000 ft.2 (81 to 32.5 g/m*) of vinylidene chloride copolymers, and, optionally, at least one other 
polymenc layer is included for bonding the facer to the foam. 

6. The structural laminate of any one of the preceding claims, characterized in that two air-and 

ZSTr^J 01 ", P ° ^ ,ayerS are interposed between each {ibrous sha * and the adjacent foam 
S^J2L^H P 2 ymanC COmprisin 9 a firat ™y |ide " e ohloride copolymer disposed on the fibrous 
271!^? SeC ° P0,Vmeric 'av^ b «"9 interposed between the first polymenc layer and foam 

s v^,E: 9 ^re n c^. y yiT copo,ymer ha * ns a hi9her ° xy9en — ,han *• 

£ Pr0C8SS ' or . continuous| y Producing a thermally insulating structural laminate comprising a rigid 
plastic foam core having two major surfaces and a facing material on at least one of the major surfaces, the 
process charactenzed by comprising the steps of: 

(a) conveying a lower facing material along a production line; 

(b) applying a foam-forming mixture to the lower facing material; 

f»Hno (c) ? pfl0 I nally su pP'y in 9 an upper facing material over the applied foam-forming mixture, at least one 

™2 B ?T^ mPnS,n9 V*™ ShSet haWl " 9 31 ' eaSt ° nB layer of an ai ™ d moist^e-impervious 
polymer disposed on one surface thereof, the oxygen transmission of the polymer being a value of less 

wTertT T if 11 " t0 thS faC ' n9 material SUbstially impervious to t and 

me forming ^ " P °' ymeriC ^ * ™«« ^ 
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8. The process of claim 7, characterized in that an upper facing material is supplied over the applied 
foam-forming mixture and the upper and lower facing materials are the same or a different fibrous sheet, 
especially a paper sheet, a glass fiber sheet or composites thereof, and preferably a paper sheet and each 
fibrous sheet has at least one layer of an air-and moisture-impervious polymer disposed on one surface 

s thereof, the air-and moisture-impervious polymer of each fibrous sheet preferably being a vinylidene 
chloride copolymer, and the oxygen transmission of the polymer being a value of less than about 1 cc/100 
ln*-24 hrs-atm, preferably less than about 0.3 cc/100 in*-24 hrs-atm, sufficient to make the facing materials 
substantially impervious to air and water vapor, and each facing material being positioned so that the 
polymeric layer is brought into contact with the foam-forming mixture, the surface of the polymeric layer 

to which is brought into contact with the foam-forming mixture preferably containing carboxyl groups for 
improved adhesion of the fibrous sheet to the foam, and, optionally, before step (b), a mat of reinforcing 
glass fibers is introduced above the lower facing material so that the foam-forming mixture is applied to the 
mat of glass fibers instead of the lower facing material and a sandwich is formed of the upper and lower 
facing materials with the foam-forming mixture and reinforcing fibers therebetween. 

»5 9. The process of either one of the preceding claims, characterized in that the foam-forming mixture is 
a mixture for forming a polyurethane, polyisocyanurate, phenolic, rubber, polyvinyl chloride, urea-aldehyde, 
melamine-aldehyde, polystyrene, polypropylene, polyethylene, cellulose acetate, epoxy, acrylonitrile- 
butedienestyrene copolymer or silicone foam, preferably a polyisocyanurate or polyurethane foam, and the 
outer surface of each fibrous sheet preferably is coated with a protective coating containing a flame 

ao retardant, the fibrous sheet preferably being kraft paper weighing 50 to 150 Was J 3000 ft. 2 (81.4 to 244 
g/m 2 ) and coated with 5 to 20 tosjQOOO ft 2 (8.1 to 32.5 g/m 2 ) of vinylidene chloride copolymers, and, 
optionally, at least one other polymeric layer is included for bonding the facing material to the foam. 

10. The process of any one of the preceding claims, characterized in that two air-and moisture- 
impervious polymeric layers are disposed on each fibrous sheet the first polymeric layer comprising a first 

as vinylidene chloride copolymer disposed on the paper sheet surface and the second polymeric layer being 
disposed on the first polymeric layer and comprising a second vinylidene chloride copolymer having a 
higher oxygen transmission value than the first vinylidene chloride copolymer and containing carboxyl 
groups for improved adhesion of the paper sheet to the rigid foam, and each facing material being 
positioned so that the second polymeric layer is brought into contact with the foam-forming mixture. 
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